A three factors quadratic regression rotation combination design was adopted to optimize the technical conditions of microwave low temperature carbon dioxide flash puffing (MLTCDFP) process for dwarf banana in the single factor's foundation. This paper analyzed the effect of puffing temperature, puffing pressure, vacuum drying temperature and the interaction of the three factors on color, crispness, and the effect of hardness and water content. Based on the experimental data, the quadratic regression model of four indexes was deduced, then variables were analyzed with response surface methodology (RSM). The weights of four evaluation indexes was determined by factor analysis. The regression square was obtained by the comprehensive score as follow:
Introduction
Dwarf banana is one of the most important tropical fruit in South of China, before lychee, pineapple, coconut [1] . Dwarf banana with rich nutrients and active ingredients, can regulate the gastrointestinal motility, beauty, enhance immunity, protecting cardiovascular, anti-cancer and other effects, highly favored by consumers [2] . Dwarf banana is a climacteric fruit species can easily degenerate during storage. Especially recently, Dwarf bananas were unmarketable, resulted in huge economic losses, seriously affected the farmers enthusiasm. It is urgent to study and develop new technology, extend the dwarf banana storage period. Researchers were studied variety drying methods, in order to prolong the shelf life of dwarf banana. Microwave low temperature carbon dioxide flash puffing (MLTCDFP) is a new non-fried puffed dehydration technology. Superheated vapour were driven by heating self-contained free water and bound water, carbon dioxide gas injected into the puffing chamber, instantaneous released at the greater than standard atmospheric pressure, produced the sponge structure. The products with excellent quality, such as maintain beauty and keep young, porous texture, saving energy, protection environmental, easy storage, convenient transportation [3] [4] [5] [6] [7] [8] .
In this work, deep processing of rich banana varieties, improve value-added products for the farmers' income and promote sound and rapid development of the banana industry; puffed dried banana determine the optimal process parameters, to expand the MLTCDFP technology applications to develop low-power, green nutrition processing methods, extend product shelf life.
The domestic and foreign scholars have conducted a lot of research on expanded dehydration technology. Zhu [8] were used quadratic rotation orthogonal experimental design, analysis influence factors affect the airflow puffing banana crisp process, obtained the regression equation, the optimum technological conditions were determined. Puffing temperature and puffing time on puffing degree and vitamin C (Vc) loss were significantly affected in the swelling degree increases, the volume expansion at the same time, the loss rate of Vc also increased. Li [9] [10] [11] [12] studied banana at variable temperature and pressure difference factors of explosion puffing drying, physical property analysis on the product quality of explosion puffing drying for banana chips, the method optimizes the bananas at variable temperature and pressure difference puffing drying technology, puffing drying banana crisp aroma components were analyzed and compared by solid phase micro-extraction (SPME) coupled with gas chromatography-mass spectrometry (GC-MS). Bi [13] [14] [15] [16] [17] were studied the explosion puffing drying and its mechanism of fruits and vegetables, such as potato, apple, pitaya fruit, peach, the drying process parameters have been optimized. Cheng [18] were studied explosion puffing drying and isothermal adsorption characteristics of winter jujube and apple slices at variable temperatures and pressure differences, established data model, optimization of process parameters. He [19] focused on quality properties of crispy winter jujube dried by explosion puffing drying, showed the more attractive crispness than those dried by freeze-drying and convectional hot air drying. Zou [20] were discussed effect of osmotic pretreatment on quality of mango chips by explosion puffing drying, osmotic pretreated decrease glass transition temperature, increase expansion ratio and rehydration ratio, improve hardness and crispness values than the non-pretreated samples.
The previous puffed dehydration technique study on more foreign research institutions in the Eastern United States Department of Agriculture Regional Research Center. Sullivan [21] [22] [23] , who has to apples, carrots and puffed blueberry dehydration three products were studied in detail, and an important factor affecting puffing temperature, pressure, pre-drying moisture content were optimized to obtain the corresponding regression equation. Saca [24] compared with many other ordinary hot air drying of banana slices from color, moisture content, porosity, rehydration ratio and cell structure, results showed that puffed dried banana chips due to produce a more porous structure, thus has a shorter drying time and good rehydration ratio, and the rehydration process less filtered solids, the product can maintain its color, taste and texture. Banana puffing slices were manufactured by the high temperature and short time (HTST) combination with hot air dry,showed that the product quality and structure parameters (hardness, brittleness)were correlation with short -time high temperature process, but the nutrients and flavor substance loss more [25] .
Chwastek [26] were discussed methods to increase the rate of mass transfer during osmotic dehydration of foods. Zotarelli [27] was to evaluate the application of a convective multi-flash drying process (CMFD) to producing dehydrated and crisp fruits. Banana processed by CMFD had a moisture content of 0.293 g/g (dry basis) and aw=0.272 after 3 h of processing. Mango had a moisture content of 0.09 g/g and aw=0.359 after 4h of processing. For CMFD much smaller global shrinkage was observed. Meda [28] were studied on drying kinetics and quality characteristics of microwave-vacuum dried saskatoon berries, the results shown total color difference was dependent on microwave power and vacuum pressure levels.
Dwarf banana as raw material by MLTCDFP. This paper analyzed the effect of puffing temperature, puffing pressure, vacuum drying temperature and the interaction of the three factors on color, crispness, and the effect of hardness and water content. Based on the experimental data, the quadratic regression model of four indexes was deduced, then variables were analyzed with response surface methodology (RSM). The weights of four evaluation indexes was determined by factor analysis. Aim to explore the impact of product quality, process parameters optimal level. To identify the impact of product quality dwarf banana chips significant factor, there was an interaction is significant and optimum parameters of each factor.
Materials and Methods

Materials and instruments
Materials
The dwarf banana fruit with the similar size and maturity were collected from Hainan province of China. The initial moisture content of the dwarf banana at 72.3% ± 0.86% wet basis (w.b.).
Instruments
Texture analyzer: TMS-PRO, food technology corporation USA; Pluripotent slicer: XL-75, Guangzhou Xu Long Machinery Co., Ltd.; Explosion puffing equipment system: Lab-made; Vacuum microwave drying ov en: BDMDMV30, Boda microwave equipment Co., Ltd. (Henan, China); Colorimeter: NR145 Shenzhen 3nh technology CO., LTD..
Experiment methods
Process of MLTCDFP
Detailed process: Selected Plumpness index was greater than 8.3 (dwarf banana weight g/ dwarf banana length cm) ripe dwarf bananas as a raw material from Hainan province, water content 72.3% ± 0.86%, peeled, cut into uniform size 10mm wafer with a slicer, then placed in a microwave oven, 60 drying 30min. The sample was removed, placed in the puffing chamber, then puffing in different temperature, different puffing pressure, different evacuation temperature, respectively, residence 6min, evacuation time 70min. Study on the products quality were effect by the value of L * (lightnes,
and water content (Y 4 ).To reduce the experimental error, all operations were carried out under the same conditions in the same puffing tank , minimize interference from other factors. All the samples were stored in dryer until used.
Determination of index analysis
1) Moisture content:
The moisture content of dwarf banana chips was determined by weight loss after drying 5 g samples in a forced air oven at105 °C for 24 h [29] .
2) Texture: Texture profile analysis was used to evaluate hardness and crispness of dwarf banana chips by using a texture analyser (TMS-PRO type). The maximum compression force and the number of peaks in the force-deformation curve of each sample were considered as an indication of hardness and crispness of sample, respectively. The analysis parameters were as following: 4) Product Quality Evaluation Method: Banana chips product lightness index L * value is the higher the better, the Crispness values greater, hardness is low, the moisture content less than 5% [30] , the better quality of dwarf banana chips.
Experimental design
Based on the single factor experiment, selected puffing temperature (X 1 ), puffing pressure (X 2 ), vacuum temperature (X 3 
Statistical analysis
All experiments were performed in triplicated and the results were reported as mean values with standard deviations.All data were processed and analyzed on Data Processing System (DPS)V14.5 and STATISTICA 10 .
Results and Analysis
Test results
According to the Process of MLTCDFP methods (2.2.1), the results were shown in Table 2 .
Regression and parametric analysis
The test data for regression coefficient and variance analysis( Through the regression coefficient test shows that affect product L * value, crispness and moisture content, Primary and secondary sequence are all vacuum temperature (X 3 )>puffing temperature (X 1 )>puffing pressure (X 2 ), which vacuum temperature (X 3 ) affected very significantly on L * value, effect on the moisture content significantly; The primary and secondary order of factors affecting the hardness of products is puffing temperature (X 1 ) > vacuum temperature (X 3 ) > puffing pressure (X 2 ), which is the most significant effect on the hardness of puffing temperature (X 1 )and vacuum temperature (X 3 ).
Interaction analysis
From Table 3 , we can see that the interaction of puffing temperature (X 1 ) and puffing temperature (X 3 ) has a very significant effect on the hardness of products, and other interaction effects are not significant. The following is only a discussion of the impact of the interaction on the product index. In order to observe the influence of interaction, the fixed one factor is 0 level, and the interaction effect equa tion (Equation 5) and response surface diagram ( Figure 1 ) were obtained. 
Optimization of MLTCDFP
Through the above analysis we can see that different products have different evaluation of the regression equation, the sequence of each input variable effects on product evaluation, and the presence of significant interactions are also different, which gives the resulting optimization of process parameters some difficulties related to the process parameters of multi-objective optimization problem. As can be seen from Table 4 , there is a correlation between the product evaluation, product lightness index L * value and crispness significant positive correlation, and the moisture content was significantly negatively correlated. Product friability and hardness significantly negatively correlated with the moisture content was significantly negatively correlated. Product hardness and moisture content was significantly negatively correlated. That product lightness index L * value, the higher the product crispness, the lower the moisture content; the higher the crispness of the product, lower product hardness, the lower the moisture content. Products of high hardness, which mean high moisture content of the product.
Correlation between product evaluation
Factor Analysis (FA)
FA is from the internal study variables related dependencies starting some variables with complex relationships attributed to a few factors in a comprehensive multivariate statistical analysis. Its basic idea is to classify the observed variables, the correlation is high, that is more closely linked in the same sub-class, but not the same correlation between variables is low, then the variable is actually representative of each category a basic structure, that common factors. For the problem under study is a linear function of trying to use the minimum number of unpredictable factors in the so-called public and special factors and to describe each component of the original observations.
According to the principle of FA to construct puffed products target parameter factor loading matrix, calculating the correlation coefficient matrix of eigenvalues, characteristic features of the cumulative contribution rate and the contribution rate, the results shown in Table 5 . According eigenvalues shows the cumulative contribution rate, when taken three common factors, the cumulative variance contribution rate has reached 99.0425%. Take three common factors to build a matrix of factor loadings and variance orthogonal rotation method was a great factor loading matrix (Table 6 ).
By Table 6 shows that the common factor f1 product lightness index L * , moisture dominant role of these indicators is the color of the main reaction product, it can be referred to as the color factor f1; f2 common factor plays a dominant role on the hardness of the product, So can be said for the hardness factor f2; f3 common factor from the crispness of the dominant role of the product, it can be named as crispness factor f3. Evaluation puffed food evaluation index should give priority to product color. Secondly, we should consider crisp property. Finally, considering the moisture content of the product, also hope to get the product color lightness index as much as possible higher and crispness as far as possible big, hardness as far as possible small, in view of the above analysis and factor loading matrix of the cumulative contribution rate, were given the common factor F1, common factor F2 and common factor F3, 0.45, 0.29, 0.22 heavy, and the common factor f2 gives negative weight.
After varimax orthogonal rotation sample obtained scores, the scores of each sample above right conferred by a weighted sum of the weight of each sample to obtain a comprehensive score in Table 7 .
Regression analysis
Application of response surface methodology (RSM) to composite score as the target parameter to obtain the operating parameters of the product composite score of response surface (Figure 2 ) and α = 0.10 significance level regression equation as follows: As can be seen from the regression equation 6, puffing temperature (X 1 ) and vacuum temperature (X 3) is the most important factor affecting the product's comprehensive score, and can be seen in its first term are all positive effects, which are all quadratic term negative effects, this shows puffing temperature (X 1 ) and vacuum temperature(X 3 ) on the product value comprehensive score due to their different level.
Optimization of process parameters based on comprehensive scoring
Combined with sensory evaluation, when the composite score 0.80, the product combines quality (texture, color, taste, etc.) is more desirable. Therefore, taking the composite score 0.80. According to the regression equation, the application of frequency analysis, computer simulation, to find the optimal combination of program operation parameters. The results showed (Table 8) , a total of 40 programs to meet the requirements. From the last row of the table, while puffing temperature is 91 95 , puffing pressure is 0.11 0.19MPa, evacuated temperature 81 85 , the composite score is higher than 95% probability 0.80.
Verification test
The test verified under this condition banana chips produced by the Comprehensive score is greater than 0.80, product quality excellent to satisfactory results (Figure 3) . Through the optimization of comprehensive evaluation, to multi-objective optimization purposes.
Conclusions
Three-factor quadratic regression orthogonal rotation design, the establishment of four indicators quadratic polynomial model by DPSV14.5 and STATISTICA 10.0 Comprehensive evaluation of the results of the experiment showed that the puffing temperature and vacuum temperature, which were affected significantly on the L*value, hardness and water content. No significant interaction between puffing temperature, puffing pressure and vacuum temperature.
MLTCDFP dehydrated dwarf banana optimum parameters were: puffing temperature 91 95 , puffing pressure 0.11 0.19MPa, vacuum temperature 81 85 .
